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iTi-S PhiulTICN  AW  FRORiRTiES  0,’  BOVINE,  iiONKEY,  AND  RAT  GROWTH  JORMOMBS 


/“following  In  the  translation  or  an  article  by  T.  m. 
vhul.iova  and  V.  II.  Orekhov  ioh,  Institute  of  Biological 
ond  i.iodicnl  ooxonce,  Al.IN,  uliGR,  hoscow,  published  in 
Run r ian-longuagto  periodical  hiokhlmiya  {biochem¬ 
istry),  ^ol  32,  ilo  1,  1067.  It  was  submitted  on 
27  i>oo  10G5.J7 


xt  la  known  that  growth  hormones,  iaolatod  from  tho  pituitary 
or  different  species  of  animals,  differ  in  their  chemical*  compo¬ 
sition  and  in  their  physico-chemical,  iiojuunological,  and  biological 
properties  /l -5/ ,  and  the  hormones  of  Primate3  differ  especially 
sharply  from  tho  somatotropins  of  othor  spocics  of  animals. 

in  tho  present  article  data  are  given  which  relate  to  methods 
of  preparation  of  somatotropic  hormones  from  a  bull,  rat,  and  green 
’'armosot,  and  their  comparative  physico-chemical  and  biological 
characteristics  are  given. 


Uethod 


The  growth  hormone  was  obtained  from  the  pituitary  oi'  a  bull 
by  the  method  of  Y/ilhclmi  /%7,  and  then  subjected  to  gel  filtration 
In  a  column  of  Oophadex  G-100  at  0-4° •  200  mg  of  the  resulting 

cvyotalline  preparation  of  bovine  3TG  was  diluted  in  1  ml  of  0.1 
acetic  acid  and  placed  on  a  column  (3  x  75  cm)  of  Sephadex  G-100 
which  wa3  equilabrated  v/ith  0.1  i.i  aoetic  acid,  fractions  of  5  s£!. 
•r.ch  were  olutcd  fi’om  the  column.  Growth  hormones  from  tho  pitui¬ 
tary  cf  the.  green  marmoset  and  rat  were  obtained  in  the  following 
iviinor,  r*  i-annlator 1  s  note,  frobablo  definition  of  tho  Russian 
acronym  BIG  is  somatotropnyy  £ ormon  or  somatotropic  hormone  *-7 

20  g  of  quick-frozen  pituitary  was  homogenized  in  a  glass 
hsr.iogsnizor  ir.  a  solution  of  Ca(0il)o,  pH  7.0-7.2  and  the  homc^onute 
w as  cAtractcu  with  200  ml  of  this  solution  in  the  cold  while  being 
mi:: so.  for  20  »*ours  •  The  extract  was  separated  by  centrifuging  and 
t.uo  precipitate  was  rinsed  with  100  ml  of  a  Ca(0il)g  solution, 
hr.  or  ..ui  amount  of  a  saturated  c  olution  of  (EU4)j>S0a  was  addou  to 
the  supernatant  liquid.  Precipitation  with  ammonium  sulfate  was 
carried  out  in  the  cold  with  mixing  for  an  hour.  The  precipitate 
was  collected  by  centrifugation,  dissolved  in  200  ’'1  of  distilled 
water,  and  dialyzed  against  distilled  water  for  4b  hours.  The  p** 
of  the  solution  was  brought  to  i.b  with  the  help  of  1  n  iiCl  and 
ti.o  resulting  precipitate  was  centrifuged.  The  pii  of  the  super¬ 
natant  liquid  was  brought  to  5.5  with  tho  help  of  1  n  IJaOIi  and  the 
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precipitate  waa  centrifuged,  in  tho  supernatant  liquid  tho  annant 
of  protein  wa3  determined  and  the  concentration  of  proto  in  in  t.rj 
solution  was  orought  to  0.2>.  a  5C$  solution  of  ethanol  at.  to  an 
end  concentration  of  alcohol  of  5p  was  slowly  added  to  the  aoluti-'n 
while  being  stirred.  Tiu#  xireoipitate  was  centrifuged  and  a  b Gh 
solution  of  ethanol  up  to  an  end  concentration  of  25>o  v-a a  added 
to  tho  supernatant  liquid  during  rapid  stirring.  The  precipitate 
was  collected  by  centrifugation,  diluted  in  distilled  water, 
pH  7.0,  and  lyophiliacd. 

The  resulting  preparations  were  subjected  to  gel  filtration  in 
tho  cold  on  a  column  (2  x  50  cm)  of  Sephadex  0-100,  equal'*  'rated 
with  0.1  i.i  acetic  acid.  80  mg  of  protein,  diluted  in  1  ml  of 
0.1  a  acetic  acid,  was  placed  in  the  column  and  fractions  of  5  ml 
wore  collected. 

iii  ectrophorosic  was  carried  out  in  starch  gel  by  the  metuort 
of  Gnitis  in  a  faulik  buffer  system  FT7  (for  the  6ol:  O.OYG  d  of 
trie-buffer,  0.005  citric  acid:  for  electrode  vessels;.  0.3  w 
boric  acid  and  0.06  n  NaOIi)  at  4°  for  4  hours  at  a  voltage  of 
22  V/cm. 

Sedimentation  coefficient  of  the  somatotropins  ms  determined 
in  a  Ilhitachi  analytic  ultracentrifuge.  .Experiments  were  conducted 
for  1.5  hours  at  a  velocity  of  59,780  rpm  in  0.1  Ji  borate  buffer, 
pH  9.93;  concentration  of  protein  was  0.8/^. 

jbiffusion  coefficient  was  determined  with  the  nelp  of  a  Gpinko  a. 
analytic  ultracontrifuge  in  a  coll  for  the  artificial  formation  of  a 
boundary  at  a  velocity  of  12,590  rpm  for  2  hours  in  0.1  d  borate 
buffer,  pH  9.93,  with  a  concentration  of  protein  of  0.8)j.  calcu¬ 
lation  of  the  value  of  the  diffusion  coefficient  was  carried  cut 
by  the  method  of  area  and  maximum  ordinate.  -:<• 

V Jo  express  our  thanks  to  n,  8.  iiorozkin  for  carrying  out  the 
experiments  on  analytic  ultraoontrlfugation. 

II-  and  0 -terminal  amino  acids  of  bovine,  rat,  and  monkey  growth 
hormones  wore  determined  by  the  dinitrofluorobenzone  and  carboxyl- 
poptiuase  mot nod 

*.mino  acid  analysis  of  tho  preparations  was  conducted  by  the 
method  of  8 packman  and  associates  /97  in  a  Khitachl  amino  acid 
analyzer. 

Camples  wo*  >  hydrolyzed  in  6  n  HC1  in  vacuum-seal od  ampoules 
for  24  hours  at  HO6.  Tryptophan  was  determined  spec trophotcuv tricall 

.  Cystine  wa3  determined  after  oxidation  of  the  hormone  with 

jjorformic  acid  53- 
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Thu  inm  .biological  reaction  of  somatotropins  of  bulls ,  monkeys, 
'nu  rats  with  rabbit  antiserum  to  human  growth  hormone  a  was  carried 
jaw  ay  the  method  of  Ouchterlony  in  a  thin  layer  of  agar  uol  /lb/* 

;,  babbit  antiserum  to  human  growth  hormone  wua  obtained  by  «*.  be  la 
bclkinyy  at  tuc  institute  of  Experimental  Endocrinology,  huRI  uoSR, 

*u C  JO  O'. '/  e 

The  biological  activity  of  the  preparations  was  determined  by 
the  tibial  test  fVS/  and  by  a  method,  based  on  measurement  of  the 
intensity  of  incorpcrB,tion  of  radioactive  proline  in  collator,  of 
the  skin  of  hypophyses tomized  rats  D-S- 

female  white  rats  weighing  70-30  g  were  hypophycoctonized 
by  the  parapharyngeal  method  under  ether  anesthesia,  .after  12-14 
pays  after  the  operation  the  hypophysect omiaed  rats  received  daily 
pnr  4  days  10  micrograms  of  growth  hormone.  24  hours  aftei  the 
last  injection  of  3TG  tho  rate  received  intraperitoneally  C  -prolinc 
on  the  basis  of  2.5  microcuries  per  100  g  of  a  imal  weight,  after 
oa.  hours  the  rats  wore  sacrificed,  tho  tibial  bone  vms  extracted, 
and  it  was  split  into  sagittal  plates  and  stained  with  2>i yh>IOr.. ; 
using  a  calibrated  eyopiecc,  the  width  of  the  ncncalcifieu  section 
of  epiphyseal  cartilage  was  measured. 

Tho  results  of  testing  wore  subjected  to  statistical  treatment 
according  to  Styudenfc* 

Results  of  the  .investigation 

uy  Ool  filtration  of  somatotropins  through  bepuH.dex  3-100  tho 
preparations  were  separated  into  two  fractions,  of  which  only  one 
^oscessnd  normone  activity  (figures  1  and  2).  Out  of  200  of 
bull  uTd  60  mg  of  protoin  was  obtained  which  possessed  biological 
activity;  out  oi'  30  mg  of  tho  ethanol  fraction  ox  rat  and  moni.cy 
_/fd  oQ  mg  of  active  preparation  wore  obtained  from  each. 

curing  electrophoresis  of  the  normone s  in  starch  gel  one  com¬ 
ponent  was  revealed  (figure  o).  This  testified  to  t.ie  homogeneity 
of  the  preparations  obtained,  bomtotropic  hormones  from  the 
uyp 0bhv3i s  of  rats  and  monkeys  nave  a  Sa.id.lur  uloctrophoi'ctic 

’’-'bility  • 


burinu  ultracentrifugation  of  tho  preparations  nnc  symmetrical 
oak  was  revealed  with  a  sedimentation  coefficient  Oi  3.05*  ior 
ou.ll  bid,  2.35b  for  nonkoy  oTG,  anu  2.2b  for  rat  hid. 


in  order  to  evaluate  tho  molecular  v/eighto  °i  tno  nop, ..one. a 
iments  wore  set  up  for  determining  the  diffusion  coefficients • 


t 
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.lore  the  following  data  were  obtained:  diffusion  coefficient  for 
bull  GXG  was  equal  to  7,0  •  10“  ,  monkey  STG  -  6.9  *  10“%  and  lor 
rat  did  -  7.G  *  10"'  cmVs. 


*W» 


f  1*0  1.  dol  nitration  of  growth 
normone  from  a  bull  through  Gopiia 
Aox  u-100.  The  arrows  show  the 
active  fraction  taken  for  the 
investigation,  (a)  -  fractions. 


Fig.  2.  eel  filtration  cf  growth 
hormone  from  monkeys  urd  rats 
through  Gophadex  u-100.  1  -  GTe 

of  monkey;  2  -  of  rats.  -rrov/s 
show  the  activo  fraction  taken 
for  investigation.  (a)  -  fractions 


un  the  basis  of  data  from  sedimentation  and  diffusion,  .uAeou- _ 
lur  we ights  -rjn  .late 'vanea  fur  u.e  growth  normene  of  bulls  (  i-r»,  vi'O/, 
^■uun  mnrmosot  (30,000),  and  the  growtn  hormono  of  rats  (27,0^ . 

..s  a  result  of  possible  errors  when  using  the  abe/e  method  for  uo- 


tsrmining  tho  diffusion  coefficient,  the  values  of  molecular 
for  rat  and  marmoset  GTG  saould  be  viewed  as  preliminary.  burir0 
determination  of  molecular  v/oight  we  dotectca  significant  differences 
for  monkey  CTG.  According  to  the  data  of  Li  /T5/  the  nulooul«r 
’•'igiit  of  GTG  from  Rhesus  monkeys  equals  23,4007  accordin0  to  our 
data  the  molooular  weight  of  growth  hormono  for  the  mroouet  sqads 


30,000. 


ninitrofluorobonzcnc  and  carboxylpcptidase  methods  were  used 
for  ue  to  ruining  II-  and  G-torminal  animo  acids  of  the  somtotropln.:  . 
urowth  ..ormoneo  of  rats  and  groon  marmosets  contain  phenylsluninu 
as  tho  *<-  and  G -terminal  amino  acid,  eovino  somatotropin  hue  tvo 
'-terminal  amino  adds  (phenylalanine  and  alanine)  and  one  C-tcT’::n.n ’1 
amine  acid  ( phony laluninu ) • 

Thus  the  growth  hormones  of  rats  and  greon  marmosets  are  similar 
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NOT  REPRODUCIBLE 


'•^r,'*d  on  their  phyc ic o-cher.iical  properties  and  nro  cliff u rent  fro«i 
L  -via:  Orov.tli  *iun lcno •  bTu  from  rata  and  •nonkoys.  Lavo  a  lesser 


.■;u]»ou lux*  '-oi&lit,  a  ;.:oro  acid  isoelectric  point  /In,  1^7,  and  onl; 
,-,,u  i:- terminal  radical  (phenylalanine). 

[*  *|  Cmapm  QoS) 
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Pi*,,  o.  dloctrophoroc is  of  Orov:th  hormones  of  bulls,  .-'.orJ'oyr,,  an. 
rats  in  starch  */el.  u  -  be  vino  nfd;  n  -  nonhoy  and  0  -  rat. 

».o  j  •  v a  )  cart  • 
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rr.ino  acr’d  co: vosition  of  growth  uormoncs  of  bhllr,  i jonkoye ,  and  r 
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.wj  :  \:.  'j  -nine  acids;  (b)  null;  (o)  .onVy:  (h)  P~t;  (e)  o/lCO  VJ 
.  v  i-'in;  if)  .u.'.rtity  °f  radios Is/nolc ;  (j)  Lysine;  (b)  .d-fufn 
v j)  eeara0inic  acid;  (k)  Threonine ;  \1)  serine; 
in)  frolino;  (o)  alycine;  (p)  ..luni"e;  it) 


;  -  r*  • 


V  ^  (jA 

ir)  Valine;  p’i  „.o thioniue ;  (t)  iscloucino;  (u)  Leucine;  Kvj 
("/;  „  icnylalaninv, ;  (;•:)  Tryptophan. 

^uta  from  Li  /in/. 


Li 


^  c  w 


*  *  ^  £T  w  .....  .  . 

fa  tat  from  Kelsfold  /To7  • 


Tr.blo  1  gives  the  results  of  an  amino  acid  analyala  of  t.io  :ropa- 
r:\ti ons  obtaiuod  by  us,  and  also  data  from  Li  for  bovine  and  Lbocus* 
."fu  and  data  from  Reisfeld  for  rat  &TG  /Io7.  it  oan  bw  assn 

from  fable  1  that  rat  and  marmoset  STG  have  a  similar  ainino  aciu 
composition,  v/hich  differs  significantly  from  the  ajuino  acid  compo¬ 
sition  of  bovine  growth  hormone.  A  predominance  of  dioarboxylic 
ainino  acids  and  loucine  is  characteristic  for  the  amino  acid  compo¬ 
sition  of  all  tho  preparations.  Certain  deviations  between  our 
data  and  the  results  obtained  by  other  investigators  may  be  ex¬ 
plained  moat  likely  by  the  diverse  degree  of  purity  of  the  prepa¬ 
rations  analysed, 

Luring  an  immunological  investigation  of  the  isolated  growth 
hormones  it  was  demonstrated  that  the  antiserum  to  human  CT G  inter¬ 
acted  only  with  marmoset  somatotropin.  Here  the  line  of  precipi¬ 
tation,  formed  by  the  antiserum  and  green  marmoset  BTG  wet  s  u  ono  v/hat 
weaker  than  tho  line  of  precipitation,  formed  by  antiserum  and 
human  STG.  Consequently  tho  somatotropin  of  the  green  marmoset  L as 
a  similar,  but  not  identical,  antigenic  structure  with  the  somato¬ 
tropin  of  man. 

Table  2 

Activity  of  growth  hormonos  of  bulls,  monkeys,  and  rats  based  on  the 
tibial  tost  and  on  tho  incorporation  of  C^- --proline  in  the  t-kin 
collagen  of  hypophyscctomized  rata. 


B  kkkjmn  autre  mokmuouho  no  6  xchbothux 


Key:  (a)  6  animals  woro  used  in  each  test;  (b)  hormone,  40  micrograns 

(total  dose);  (c)  Width  of  tibial  cartilage,  microns;  (d)  incorpora¬ 
tion  of  proline  in  oollagen,  imp/min/5  mg  of  protein;  (e)  Control; 

(f)  Bull;  (g)  i.Ionkey;  (H)  Rat. 

•:s-  Lata  woro  obtained  after  administration  of  100  nicrograns  (total 
dose)  of  hormones. 

As  can  be  seen  from  Table  2,  tho  resulting  preparations  possess 
a  high  degree  of  biological  activity.  Daily  administration  of  10 
micrograms  of  a  preparation  of  bovine,  monkey,  and  rat  CTG  to  hypo- 
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-  x1j -a atomized  rats  caused  a  considerable  increase  in  tho  v/idth 
epiphysial  cartilage  of  the  tibial  bone  and  increased  by  100^ 
t!.-..:  intensity  or  incorporation  or  labeled  prolino  in  tho  skin 
collagen  or  hypophysootomxsed  rats. 

Conclusions 

\v 

uro;vth  hormones  v/ero  obtained  from  bovine,  gi^oon  marmoset,  and 
mt  pituitnries  by  various  methods.  They  v/cro  homogeneous  based  on 
data  iron  ultra centrifugation  and  electrophoresis .  The  comatotro- 
*-ins  from  the  groon  mrnosot  and  rats  have  a  similar  amino  acid 
composition;  phenylalanine  is  the  H-  and  C-terminal  amino  acid  or 
t^cno  hormones.  Tho  molecular  weight  of  rat  and  green  marmoset 
GTG  equals  rospootively  27,000  and  30,000. 

in  spito  or  significant  differences  in  the  physico-chemical 
properties,  preparations  of  bovine,  monkey,  and  rat  growth  hormones 
exert  a  similar  biological  action  on  hypophysectomiaed  rats.  C ) 

Liters toro. 

1.  Li,  C.  II.,  First  Internet.  Gongr.  Hndocrinol.,  Copenhagen, 
p  75,  I960. 

2.  Li,  C.  H.,  In  the  book:  Gurvoy  of  biological  Progress,  vol  4, 
p  92,  head.  Pro3S,  :I.Y.,  1962. 

3.  I>i,  0.  h..  In  tho  book:  ndvancos  in  Protoin  Chemistry, 
vol  11,  p  101,  Acad.  Press,  H •  Y.,  1056. 

4.  ilnobil,  H.,  Greep,  11.  0.,  In  the  book:  Recent  Progress  in 
hormone  Research,  vol  15,  p  1,  Acad.  Press,  N.  Y.,  1959. 

5.  Li.  G«  II.,  ^xporiontia,  22,  lo9,  1964. 

G«  Hxlhelmx,  <u.  n»,  Fishman,  J.  o»,  Russel,  J.  U«,  J.  o»xol. 
Ghom.,  176,  737,  1948. 

7.  Recent  Progress  in  Hormone  Research,  vol  19,  p  1-34. 

..cad.  Press,  H.  Y.,  1963. 

8.  Li,  0.  li.,  J.  Biol.  Chem.,  209,  133,  1354. 

9.  S packman,  1>.  II.,  Gtein,  V,T.  H.,  Hoore,  8.,  Anal.  Chcm. 

30,  1190,  1958. 

10.  Bcavon,  G.  H.,  Holiday,  L.  R.,  In  tho  book:  Advances  in 
Protein  Chemistry,  vol  7,  p  319.,  Acad.  rross,  if.  Y.,  1052. 

11.  iuoore ,  C.,  J *  J-iol.  Gncm.,  238,  235,  1963. 

12.  Ouchtorlony,  0.,  Arkiv,  Komi,  B26,  I,  1949. 

13.  Papkoff,  II.,  Lx,  G.  II,,  In  the  book:  Methods  in  Hormone 
Research,  vol  2,  p  671,  Acad.  Press,  if.  Y.,  1962. 

14.  Chulkova,  T.  ».i.,  Grokhovich,  V.  H.  Yopr.  med.  khimil, 

11,  76,  1965. 

15.  Li,  0  *  H.,  Papkoff,  H.,  Gcionce,  124,  1202,  1056. 

16.  Rexsfold,  A.  n.,  Muccilli,  A.  S.,  Williams,  D.  L.,  Oteelman, 
3.  L.,  Haturc  ifo  4921,  821,  1964. 


7. 


